The radiological appearances in childhood asthma are somewhat elusive. Different observers often cannot agree whether a particular chest radiograph does or does not show an abnormality. Moreover, when abnormalities are agreed to be present they are difficult to relate to the clinical state of the patient. For example, one child with asthma may have a radiograph which clearly shows evidence of overinflation, while another child with equally severe symptoms may have a radiograph which looks normal in all respects (Figs. 1, 2, and 3) .
In this paper an attempt has been made to define these appearances more precisely by specifying some criteria for their recognition. A study is presented of 218 asthmatic children in whom the relationship of the abnormalities to some clinical features of the disease and to certain respiratory function tests is investigated. The radiographs of a group of normal children are used for comparison.
PATIENTS
The patients studied were 73 children from the paediatric department of the Brompton Hospital and 145 from the asthma and allergy clinic of University College Hospital. All were suffering from asthma which was severe enough for them to be referred to hospital as outpatients but not severe enough for them to need hospital admission at that time. In all other respects they were an unselected group. Their ages ranged from 6 to 14 years and in every case their asthma was of at least six months' duration.
The normal children were a series in which a radiograph had been taken at yearly intervals between the ages of 6 and 19 years as contacts of adult tuberculous patients. These children did not present any evidence of chest disease during the period of follow-up, and from their radiographs percentile charts for lung measurements were available. These charts give boundaries for the 97th, 90th, 75th, 50th, 25th, 10th, and 3rd percentiles (Simon et al., 1972) .
They were for the most part radiographed during the period 1945-65, that is, some 10 to 25 years before the asthmatic children, but there is no evidence that children are growing much taller than during this relatively recent period. In any case, asthmatics tend to be shorter than healthy subjects so that tallness is unlikely to account for greater lung length. Most normal children still have a lung length around the 50th percentile of the control group used, as did 75 % of the asthmatics.
METHODS
For the purpose of this study radiographs of the asthmatic children were taken and respiratory function tests were performed on the same day, at or near their first attendance at hospital.
All the radiographs were assessed by the same observer (G.S.), who, at that time, was Heart width and shape The heart width was measured as the transverse diameter (TD) in the conventional manner. Also, if the left heart border was almost as near to the mid line as the right, it was recorded as a 'narrow vertical heart' (Fig. 3) .
A narrow vertical heart is in part the result of a low position of the diaphragm. Not all cases with a low diaphragm have a narrow vertical heart, and a narrow vertical heart may occur with a diaphragm at average level. Size of retrosternal transradiant zone. In adults this zone can often be precisely measured in the lateral chest radiograph , but in children the ascending aorta is usually invisible and the posterior margin of the zone is therefore difficult to define. In this series of children a subjective assessment was made by comparison of the approximate size of the retrosternal transradiant area with that of normal children of the same age (Fig. 4 level of the segmented bronchi in either the upper or the lower zones, but they are more readily recognized in the upper half of the lung since in this area there are fewer confusing shadows (Fig. 7) .
Other abnormal shadows are occasionally seen in asthmatic children. These consist of areas of consolidation, wider tubular or ring shadows suggesting bronchiectasis, or circular and bandlike shadows suggesting intrabronchial plugs of mucus. These appearances may indicate the presence of complicating bronchopulmonary aspergillosis and are similar to those described in adults by McCarthy, Simon, and Hargreave (1970) . Cases showing such shadows had serological evidence of aspergillosis and are excluded from this analysis.
Interpretation of radiological appearances. Using the criteria set out above, we have classified the radiographs of the asthmatic children into three types.
Normal pattern (Fig. 1) Presenting two or more of the following features:
1. Diaphragm at or above the anterior rib level of 2. Lung width greater than lung length 3. Heart width on or above the 3rd percentile. 0-1 Pattern (simple overinflation) (Fig. 2) Presenting two or more of the following abnormalities:
1. Diaphragm below anterior rib level of '61' 2. Lung length the same or greater than the lung width 3. Heart width on or below the 3rd percentile. (A large retrosternal transradiant area in the lateral film is also an indication of overinflation.) 0-2 Pattern (complicated overinflation) (Fig. 3 ) Similar to the 0-1 pattern above, but with hilar vessels which appear large relative to the lung vessels which appear small.
RESULTS
The two series of asthmatic children were com- No. with 0-2 radiograph 10 (14%) 16 (11 %.) pared for age, sex, body height percentile, age of onset, and duration of the asthma and for respiratory function (Table I ). The findings in these respects were almost identical, as shown by significance tests (Student's t test or x2). When the radiographic measurements were examined, it was found that the frequency of abnormalities was also remarkably similar in the two series. These findings indicate that the two hospital populations of asthmatic children were comparable and also that there was a consistent radiographic assessment of the less precise measurements.
The results from the two sources are hereafter combined and analysed as a single group, and as such are compared with the normal control series (Tables II, III, IV) .
Frequency of the different radiographic patterns (Table II) Seventy-three per cent of the children had 'normal' chest radiographs, 15% showed the 0-1 pattern, and 12% showed the 0-2 pattern.
Level of the diaphragm (Table II) This was low (below 'rib 6L') in 40 (25%) of the asthmatic children with a 'normal' radiograph while it was as low as this in only 15 % of the control nonasthmatic children. In the 0-1 and 0-2 types of radiograph, the diaphragm was low in 81 % and 88% respectively. It was curved in shape in all the patients and was not flat even in the lateral view in any of the children for whom these films were available. Size of the lungs and heart Table II sets out the numbers of children who were found to have radiographic measurements outside the normal range. For this purpose the normal is defined as being between the 3rd and 97th age percentile boundaries. From this analysis it can be seen that the proportion of children in each radiographic category who had abnormally long or narrow lungs, enlarged retrosternal transradiant zones, and abnormally narrow hearts increased progressively from those with normal radiographs through those with 0-1 to those with 0-2 radiographs.
It is, of course, trae that patients were allocated to the 0-1 and 0-2 groups because they had a low diaphragm and long lungs, and these features will therefore be present and are recorded in the talbles in each group. The diaphragm levels and lung lengths were put in the tables partly to show that the selection was more or less correct and also in order to compare these features with the normal control group and those asthmatics with a normal chest radiograph, and to relate the lung length to the other parameters such as the lung width, body height, and expiratory flow rate. Table III shows the actual radiological measurements of the lungs and heart expressed as percentiles. The mean lung length increases to a maximum in the 0-2 category and the mean lung width decreases to a minimum in the 0-2 category, as would be expected from the method of selection. The lung area, derived from lengthX width for each patient individually, does not differ from normal in any of the radiographic patterns.
The width of the heart is the most sensitive indicator of abnormality and is decreased even in those children with a 'normal' radiograph (mean TD percentile 30).
Additional shadows (Table LI) Tubular ('tram- line') shadows, as described above, were found in 58 children (27%). The incidence was lowest (17%) in those children with an otherwise normal radiograph and highest in those with a 0-2 pattern (61%). Such shadows were usually transient, and the figures refer to their presence in any one of a series of radiographs of the same patient. Relationship of body height to radiographic appearances (Table Ill) The mean height of all the children with asthma falls near the median percentile for normal children. Those children Asthmatic children 'Normal' radiograph 9'3 (2.3)1 3-7 (2 8) 58'4 (31-5) 45-6 (30 6) 556 (30 2) 30-0 (25-4) 49 7 (28 2) 69-6 (18-9) (160) 0-1 radiograph (32) 10-0 (2-1) 4-1 (3 0) 80 (24 9) 24-7 (19-4) 64.3 (28&5) 8 7 (10-1) 52-3 (26-3) 60-8 (19-4) 0-2 radiograph (26) 11-0 (2-4) 3-3 (2-3)
81P7 (24-6) 21-9 (26-9) 56-7 (26-5) 4 9 (3-1) (X) x'=11P4 X'= 18-4
with long narrow lungs (0-1 and 0-2 patterns) were not above the normal height for their age, and the long lungs were, therefore, not due to an overall long body measurement. On the other hand, those children with a 0-2 pattern were slightly, but not significantly, shorter than the median normal. Only one child in the whole series was below the 3rd percentile for body height.
Relationship of age and duration of asthma to radiographic appearances (Taible III) The mean age of children with 'normal' radiographs was 9 3 years and was not significantly different from those with a 0-1 pattern. The children with 0-2 radiographs were a little older (mean age 11-0 years), the difference from the 'normal' group being significant (P<0 001). T-he age of onset of the asthma was virtually the same (mean 4 years, SD 2-6) in the three radiological groups. The children with 0-2 radiographs therefore had a slightly longer duration of disease (mean difference less than 2 years).
Relationship of clinical features to radiographic appearances (Talble IV) The differences between the children with intermittent asthma and those with constant asthma were reflected in the distribution of the radiological abnormalities. In 50 out of 52 (95%) of those with intermittent symptoms the radiograph was normal, even when the respiratory function was persistently abnormal. There were eight children with a history of previous status asthmaticus in this clinical category and all of them had 'normal' radiographs, even though their attacks had been severe enough in some cases to lead to unconsciousness. The mean PEFR or forced expired volume in one second (FEV1) of all the children with intermittent asthma was 61-6% (SD 21-7) of the predicted normal.
Of the children with constant asthma, 110 out of 166 (66%) also had 'normal' radiographs, but it was from this clinical category that all the children with 0-2 radiographs were derived. The mean PEFR or FEV1 of all the children with constant asthma was 57-8% of predicted which was slightly, but significantly, less than that of those with intermittent asthma (P<0-001).
'Tramline' shadows were seen in 49 (30%) children with constant asthma, but in only 4 (8 %) of those with intermittent symptoms (P<0-005).
T,he heart TD was at or below the 3rd percentile in 62 (37%) children with constant asthma and 8 (150) of those with intermittent asthma. Relationship of ventilatory function to radiological pattern (Table III) The mean PEFR or FEV1 was 696% of predicted (SD 189) in children with 'normal' radiographs, 608% (SD 194) in those with 0-1, and 47-1 % (SD 24-0) in those with 0-2 radiographs.
These differences were significant (P<0-02). Figure 8 shows the peak flow readings taken at monthly intervals in one of the asthmatic children with a 'normal' radiograph (the same child as in Fig. 1 ). Although there are considerable variations, no reading is above 75% of the predicted normal. Figure 9 is an example of the monthly readings in a child with a 0-1 pattern (the same child as in Fig. 2) . Figure 10 is from a child with a 0-2 pattern and shows a variable PEFR which never rises to above 60% of the predicted normal and sometimes falls as low as 20 % (the same child as in Fig. 3 ).
DISCUSSION
It would appear that nearly all the children whose asthma was intermittent had a normal chest radiograph, even if at the time that the radiograph was taken, or a few hours earlier, there was evidence of moderately severe airways obstruction.
On the other hand, some 33% of the children with constant asthma of variable severity showed either a radiograph which is unusual in a normal child, that is a 0-1 pattern (as in Fig. 2 ), or a definitely abnormal appearance (the 0-2 pattern, as in Fig. 3 ).
Children showing the 0-2 pattern tended to be a little older and to have had their asthma a little longer than the others, but the development of the radiographic abnormality is not dependent on the age of onset of the disease. Children with the 0-1 pattern do not differ in these respects from asthmatic children whose radiographs appear to be normal.
The radiographic appearances are not related to body height.
The mechanism of the decrease in lung width in some of the asthmatics is uncertain. This decrease may be the result of the low position of the diaphragm. A similar decrease in lung width was reported by Campbell (1969) in adult patients with severe emphysema. In an adult patient seen by one of us (G.S.) the lung appeared normal in a radiograph taken many years before the onset of symptoms. Later, this patient developed clinical and radiographic evidence of widespread emphysema. Measurements from the two radiographs showed that the lung length had increased from 28 cm to 36 cm but the lung width had decreased from 30 5 cm to 28 5 cm and the ratio of lung length to lung width had therefore increased from 0-8 to 12.
Although on average the airways obstruction was more severe in those showing the 0-2 pattern than in those with a normal radiograph (Table  III) , in all groups there were some cases in whom As regards the apparent change in the vessels characteristic of the 0-2 pattern, namely dilatation of the hilar arteries and relative narrowing of the lung vessels, the haemodynamic basis of this change is unknown. It is reversible in some cases, and is not associated with clinical evidence of pulmonary hypertension or changes in the electrocardiogram.
There were some statistical differences between the asthmatic children with radiographs considered to be normal and the normal control group. The asthmatic children with a 'normal' radiographic pattern had, on average, longer lungs and narrower heart shadows than the control children. Until a rapid cure for asthma can be found, it is not possible to see if such children change their lung length or heart size when recovered.
The overinflation pattern, whether 1 or 2, may be reversible, as was found in some cases which were followed up, but how and when such children convert to a normal radiograph is as yet unknown. From a personal observation of 100 unselected cases (G.S.), it is apparent that such radiological overinflation patterns are rarely seen in adults and are certainly very uncommon in adult intrinsic asthma of late onset, however constant and severe the disease may be. We wish to acknowledge help from Tina Andrea (Brompton Hospital) and Marjorie Barker (University College Hospital) who carried out the ventilatory function tests.
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